Introduction
Morphological changes, such as shrinkage of tumors or healthy tissues, swellings or edemas, during a radiotherapy course are known to have a significant impact on the dose distributions, namely for treatments in the head and neck region [1] . These dosimetric changes might also be caused by uncertainties in the patient position as a consequence of morphological changes. In an ideal case daily dose plan adaption based on 3D imaging should be performed. Currently, such an "on-line" concept is not clinically feasible. Therefore we need to apply approximations to this concept in terms of adaptive radiotherapy (ART) approaches, striving for improved individualisation of treatment planning in radiation therapy [2] . The idea on ART is to perform consecutive CT-scans and certain points in time during the course of radiation. The contours delineated on the original planning CT, defining target volumes and healthy tissues at risk, have to be propagated to the actual CT-scan. This should be realised by means of a deformable (elastic) image registration algorithm to reduce the workload for the radiation oncologist and to gather quantitative information on deformations and morphological changes [3] . In the next step the dose plan will be re-optimised for the "anatomy of the day". We developed a software package (ReDeform©, Joanneum Research, Graz, Austria) to support this workflow. ReDeform calculates elastic CT-CT image registration, transform contours, visualises and quantifies deformations and gives the opportunity to sum doses from different datasets ( fig. 1 ).
The present work aims at finding prognostic parameters, indicating the need for plan re-optimisation based on the analysis of deformation vector fields between original and consecutive CT-scans. 
Methods
Our concept (BART) defines repeated CT-scans at the 12 th and 22 nd day of the treatment course for patients treated for carcinoma in the head-and-neck region. Afterwards the contours delineated on the original CT (CT1) are transferred to the follow-up CT scans (CT2 and CT3) by means of an elastic image registration algorithm. This modified-daemons-type algorithm is implemented in the ReDeform© software. The original treatment plans are then transferred to the actual CT dataset and re-calculated with and without re-optimisation based on the automatically transferred contours. All treatment plans are calculated using a volumetric modulated arc therapy (VMAT) technique on the Eclipse treatment planning system (Varian Medical Systems, USA). Two target volumes were defined: the larger Volume including regional lymphnodes (PTV-LNN) was irradiated up to 50 Gy, the smaller target volume encompassing the primary gross tumor region (PTV-GTV) was irradiated to 70 Gy. Dosecoverage of the planning target volumes and dose to organs at risk before and after re-optimisation are calculated. Evaluated parameters are mean dose, D 2% , and D 98% values (dose received by 2% and 98% of the volume) for the target volume, parotid and submandibular glands. Maximum dose and D 2% were analysed for the spinal cord. Furthermore we assess volumetric changes and statistical parameters describing the deformation vector field in all contoured regions of interest: standard deviation, mean and maximum of vector lengths, with and without band pass filtering. The idea of using band pass filtering is to separate between "local" and "distended" morphological changes ( fig. 2 ). We analysed the correlations between morphologic changes, vector field statistics and dosimetric changes by calculating pearson's correlation coefficients.
Results
We completed our treatment protocol successfully for 16 patients. The patients had received a mean dose of 22Gy at the time of CT2 and 42Gy at the time of CT3, respectively. Volumetric changes were relatively small for the target volumes in our patient group, and more distinct for parotic glands (tab. 1). Dosimetric changes: D 98% values for the target volumes as a measure of dose coverage decreased by approximately -5% to -6%. Mean dose values to organs at risk did not show large changes (tab. 1), however with a large range. We found that there is no significant correlation between volumetric-and dosimetric changes, but there is a highly significant correlation between the mean vector length (mvl) in the deformation matrices for the target volumes and dosimetric changes (tab. 2). For the correlation of  D 98% and the maximum vector length after applying a "local range" band-pass filter a p-value of 0.01 was found (not shown in table 2).
Discussion
An adaptive treatment protocol is useful and important for highly conformal dose plans during the course of radiotherapy in the head-and-neck region. In order to keep the workload manageable, an efficient algorithm for elastic image registration -like the one we developed -is essential.
One of the key findings of our study is that surprisingly there is no clear correlation between volumetric and dosimetric changes, but there is a good and statistically significant correlation between statistical parameters describing the deformation vector field and dosimetric changes. The value of vector field parameters other than the mean vector length, such as the maximum vector length or standard deviation, with and without band-pass filtering needs to be further investigated. This means that we have found a tool to establish a prediction model for dosimetric changes directly from image registration, without the need for re-optimisation of the treatment plan and new dose calculation. We believe that this is a valuable step towards a clinically feasible ART concept.
Bibliography

